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@ Process for preparing siiaped bodies of thermoplastic polymers reinforced witii long fibres. 



@ Process for preparing shaped bodies of thermoplastic polymers by means of the extrusion, injection 
molding, spin molding of granules having a length comprised within the range of from 2 to 100 mm, obtained by 
^ cutting a continuous calendered filament constituted by a bundle of fibres impregnated with a thermoplastic 
^ polymer in powder form and coated with an outer sheath constituted by a thermoplastic polymer which is the 
^ same as, or different from, the polymer which constitutes said powder, and having a melting point equal to or 
1^ higher than of said powder polymer. 
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The present invention relates to a process for preparing shaped bodies of thermoplastic polynner 
reinforced with long fibres. 

More particularly, the present Invention relates to a process for preparing shaped bodies by nneans of 
extrusion, injection molding or spin molding of thermoplastic polymeric blends reinforced with long fibres. 
5 In many applications, hystorically dominated by articles of metal materials, the use is presently being 

proposed of composite materials which are constituted by a polymeric matrix and an inorganic reinforcer 
means, above all fiberglass or carbon fibres. 

Both thermoplastic and thermosetting polymeric composites, reinforced with continuous fibres, resulted 
to be particularly suitable for applications in which the fabrication technology is pultrusion, compression 
70 molding or filament winding, because the mechanical properties which can be obtained in that way are very 
high. In fact, in these composites the matrix essentially acts in order to keep the fibres, which secure most 
of mechanical properties, bonded to each other. 

Recently, continuous-fibre composites with thermoplastic matrix were successfully adopted, because 
they prevent typical problems of thermosetting polymers, such as the presence of solvents, with cor- 
15 responding problems of environmental character, and impossibility of recycling them. 

A particularly advantageous method in order to obtain continuous-fibre thermoplastic composites 
consists in impregnating a bundle of fibres with thermoplastic powders and covering said impregnated 
bundle with an also thermoplastic sheath, as reported in U.S. Patent 4,614,678. 

The resulting semi-finished article has the appearance of a flexible filament, particularly suitable for 
20 weaving operations and subsequent fabrication. 

A further advantage of the just mentioned technique consists in the possibility of using, as the sheath 
and as the powder, two polymers which can be different from each other from both viewpoints of their 
molecular weight and their chemical nature, so as to optimize the end characteristics of the manufactured 
article. 

26 Short-fibre composites, generally with fibres shorter than 2 mm, are. on the contrary, commonly used in 

applications for technical articles in which very high characteristics are not required. The most widespread 

molding technologies are injection molding, extrusion, and so forth. 

Also long-fibre composites are available, in which the length of the fibres exceeds 2 mm, and generally 

Is comprised within the range of from 2 to 150 mm. The mechanical performances which can be obtained 
30 with these materials are of an intermediate level, because they are lower than of continuous-fibre 

composites and higher than of short-fibre composites. In fact, it is well-known that long enough fibres can 

display nearly as good reinforcer characteristics as continuous fibres, as reported by M. G. Bader in the 

chapter "Reinforced thermoplastics" in the text "Handbook of Composites", Volume 4, editors A. Kelly and 

S. T. Mileiko, published by Elsevier, New York, 1983, because, even if the length of the fibres decreases 
35 during the processing step, such a long-fibre fraction remains as to make it possible considerably higher 

mechanical properties than of short-fibre composites, to be obtained. 

Unfortunately, the use of long-fibre thermoplastic composites in the preparation of articles endowed with 

high physical-mechanical characteristics, requires special processing techniques in order to obtain a 

homogeneous distribution of the fibre in the end article of manufacture. 
40 Aiming at simplifying these processing techniques, processes for preparing long-fibre thermoplastic 

composites in the form of semi-finished articles, to be used in injection molding, were proposed in the 

relevant technical literature. 

In U.S. Patent 3,862,287, disclosed is the preparation of long-fibre composites by causing unitary and 

continuous fibres to run through a fluid bed constituted by a thermoplastic polymer powder, with the fibres 
45 being consequently impregnated. The fibres are subsequently collected into a bundle, and are heated to 

such a temperature to cause the polymer to flow, with the same fibres being consequently coated. 

The bundle of impregnated fibres with thermoplastic matrix is then cut into such portions as to allow the 

resulting material to be injection-molded. 

An alternative method is disclosed in U.S. Patent 4,559,262, according to which a bundle of fibres is 
50 caused to run through a bath constituted by a molten thermoplastic polymer, in a continuous process of 

melt pultrusion. The bundle is then cut into suitable portions for injection molding. 

It should be observed that this process results to be critical. In that it requires the use of thermoplastic, 

preferably semi-crystalline, polymers having a lower viscosity than as is conventionally regarded as being 

suitable in order to obtain satisfactory mechanical properties. 
55 The methods disclosed hereinabove make it possible semi-finished articles to be obtained which are 

easily processed in extruders and suitable for injection molding, thanks to the intimate distribution of the 

polymer on each fibre of the reinforcer material also when the latter is a long fibre, but are unsuitable for 

preparing, at least with simple, hence commercially interesting technologies, composites or semi-finished 
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articles in whicli the thermoplastic matrix consists o1 two heterogeneous polymers. 

The present Applicant has found now a process in order to prepare articles of long-fibre reinforced 
plastic materials reinforced which, by using special long-fibre composites in which the thermoplastic matrix 
is a blend of two polymers, makes it possible the drawbacks which affect the prior art to be overcome. 
5 Therefore, the subject-matter of the present invention is a process for preparing shaped bodies by 

extrusion, injection molding, or spin molding of composites, constituted by thermoplastic polymeric blends 
reinforced with long fibres, obtained by means of a process which comprises: 

a) impregnating, with a thermoplastic polymer powder, an open bundle of continuous, parallel, fibres; 

b) getting together the so impregnated fibres, in order to form a continuous filament; 

10 c) coating the resulting powder-impregnated filament with a continuous outer sheath constituted by a 
thermoplastic polymer equal to or different from, the polymer which constitutes said powder and having 
the same, or a higher, melting point than that; 

d) calendering the resulting filament at a temperature approximately equal to the polymer powder 
softening temperature; 

75 e) cutting the calendered filament into granules having a length comprised within the range of from 2 to 
100 mm. 

In the process according to the present invention, any types of fibres can be used. Fibres of inorganic 
nature, such as E or S fiberglass or carbon fibres, or fibres of organic character, such as poly(p-phenylene 
terephthalamide) fibres. 

20 In an analogous way. for the sheath and the powder used in order to impregnate the fibres, any kinds of 
thermoplastic polymers can be used. Illustrative, non-limitative examples are: polyethylene; copolymers of 
polyethylene with vinyl acetate; polypropylene; polystyrene; styrene copolymers, such as ABS and SAN; 
polymethacrylates, such as poly(methyl-methacrylate); polyamides, such as polyamide 6 (PA-6). polyamide 
6.6 (PA-6.6). polyamide 4,6 (PA-4,6), polyamide 12 (PA-12), polyamide 11 (PA-11), and so forth; aliphatic 

25 polyester resins, such as poly(ethylene terephthalate). poly(butylene terephthalate), poly(ethylene naph- 
thalene dicarboxylate). and so on; aromatic polyester resins, such as polyarylates, thermotropic liquid- 
crystal polyesters, and so forth; polycarbonates; polyether imides; polysulfones; polyether sulfones; poly- 
(vinyl chloride); poly(vinylidene chloride); poiy(vinyl fluoride); poly(vinylidene fluoride); poly- 
tetrafluoroethylene; ethylene-trichlorofluoroethylene copolymers; polyacetals; and so forth. 

30 The ratio of the matrix to the fibre can be adjusted both by operating on the percent powder level, and 
by adjusting the thickness of the sheath. However, operating with a fibre level higher than 20% by volume, 
generally comprised within the range of from 30 to 70% by volume, is preferred. 

The steps from (a) to (c) of the process according to the present invention can be carried out according 
to as disclosed in U.S. Patent 4,614,678, or In European Patent 190.522, the contents of which are to be 

35 regarded as an integrating part of the present invention. 

The polymers of both the sheath and the powder can be used in their pristine state, or mixed with any 
suitable additives in order to facilitate the process. In particular, examples of such additives are the heat 
stabilizers and the lubricants used in order to facilitate the subsequent molding process. 

The calendering and cutting process aims at obtaining granules having such characteristics as to make 

40 it possible them to be molded by means of such traditional technologies as injection molding, extrusion or 
spin molding. 

In particular, the filament calendering is preferably carried out in such a way as to yield a semi-finished 
article having a bulk specific gravity higher than 0.5 g/cc, preferably comprised within the range of from 0.6 
to 1 .5 g/cc. 

45 The calendering process is carried out, as known, by means of a pressure application associated with a 
temperature increase. The pressure application can be accomplished by means of two or more rollers 
between which the filament is caused to run, whilst the temperature increases can be obtained by means of 
well-known methods in the art, lor example by means of irradiation with infrared lamps or by electrical 
resistors which heat the surface of the rollers. 

50 The temperature is increased up to values close to the powder polymer softening point. In the case of 
amorphous polymers, the temperature of the semi-finished article is increased up to a value higher than the 
glass transition temperature, by a high enough increment in order to cause the powder to flow on the fibres. 
On the contrary, when crystal line or semi-crystalline are used, reaching higher temperatures than the 
melting point is preferable. 

55 As regards the cutting, any types of cutting units can be used in the process according to the present 
invention. The cutting process can be carried out on-line with the calendering step, or it may be carried out 
separately, according to the process requirements. The size of the pellet is comprised within the range of 
from 2 to 100 mm, preferably of from 2 to 15 mm, in order to obtain a pellet which is endowed with good 
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processability characteristics according to the techniques mentioned hereinabove (Injection, extrusion and 
spin molding) and, simultaneously, long enough fibres in order to have a long-fibre composite. 

In the following, some illustrative examples are reported which in no way do limit the scope of the 
present invention. 

5 

Example 1 

Continuous filaments were prepared by using the same procedure as disclosed in example 1 of U.S. 
Patent 4,614,678. 

10 For the sheath, a polyamide designated "RILSAN", manufactured by Atochem was used, and as the 
polymer powder, a polyamide-6 designated Orgasol, also supplied by Atochem, was used. 

As the fiberglass, a product manufactured by Owens Corning Fiberglass (OCF), with a count of 2400 
tex, was used. The ratio, by weight, of sheath :powder:fibre was of 20:20:60. 

The resulting semi-finished product was caused to run through an oven heated by means of I. R. lamps 
75 at 300* C, so as to cause the polymer powder to melt, and then was calendered and collected on a 
spindle. 

The resulting product was cut by using a cutting unit manufactured by ABR of Besano (Varese). 
Ten mm long granules were obtained. 

The bulk specific gravity of the material was determined according to ASTM D1895 and resulted to be 
20 of 0.7 g/cc. 

Example 2 

The same procedure as of example 1 was repeated, but using OCF fibres of 4800 tex. with the weight 
26 ratio of sheath:polymer powderifibre being kept at 20:20:60. 

Example 3 

The granules prepared by means of the method disclosed in example 1 were injection-molded by using 
30 an injection press manufactured by Metalmeccanica Plast. model Pentatron 65/185, equipped with a screw 
of 34 mm of diameter. 

The molding was carried out with a temperature profile of from 265 to 295 ' C, at a revolution speed of 
20 revolutions per minute (rpm). Specimens were obtained according to ASTM D638M and were character- 
ized by means of mechanical tensile tests. A hydraulic test machine manufactured by MTS. model 312.31. 
35 was used. 

The deformations were detected by means of a strain gauge manufactured by MTS, model 632.25 C- 
20, with a measurement base of 50 mm. 

The results obtained are reported in the following table. Values of tensile modulus are obtained which 
are decidedly higher than those reported for analogous materials reinforced with short fibres, and close to 
40 those displayed by continuous-fibre composites. 

Example 4 

The procedure of example 3 was repeated, with the revolution speed being changed from 20 to 50 rpm. 
45 The results of the mechanical testing are reported in the table. 

Example 5 

The procedure of example 3 was repeated, with the revolution speed being changed from 20 to 100 
50 rpm. 

The results of the mechanical testing are reported in the table. 
Comparison example 

55 Continuous filaments were prepared by using the same procedure as disclosed in example 1 of U.S. 
Patent 4,614,678. 

For the sheath, a high-density polyethylene designated Eraclene PG55. manufactured by Enichem 
Polimeri of Milan, was used, and as the polymer powder, a polyamide-6 designated Orgasol, also supplied 
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by Atochem. was used. 

As the fiberglass, a product manufactured by Owens Corning Fiberglass (OCF), of 2400 tex, was used. 
The ratio, by weight, of sheath :powder:fibre was of 20:20:60. 

The resulting senDi-finished articles were not calendered and they were directly cut by using the already 
5 cited ABR shearing unit. 

Granules of 10 mm were obtained, with reported specific gravity of 0.36 g/cc. 

Then, Injection molding experiments were carried out by using the same equipment and operating 
conditions as disclosed in example 3. However, no specimens could be obtained owing to feed difficulties 
due to the too low specific gravity of the material. 

10 

Table 



Tensile modulus (E) , tensile strength (r) and elongation at break (e) of the specimens of example 3-5; in 


brackets, the standard deviation is reported. 




Specimen 


E (Mpa) 


r (Mpa) 


e % 


3 


15.4(0.8) 


168 (6) 


1.4 (0,04) 


4 


17.2 (0.6) 


164 (5) 


1.2 (0.04) 


5 


15.6(0.3) 


168 (5) 


1.4 (0.10) 



Claims 

25 1- Process for preparing shaped bodies by means of the extrusion, injection molding, or spin molding of 
composites, constituted by long-fibre reinforced thermoplastic polymeric blends obtained by means of 
a process which comprises: 

a) impregnating, with a thermoplastic polymer powder, an open bundle of continuous, parallel, fibres; 

b) getting together the so impregnated fibres, in order to form a continuous filament; 

30 c) coating the resulting powder-impregnated filament with a continuous outer sheath constituted by a 

thermoplastic polymer equal to or different from, the polymer which constitutes said powder and 
having the same, or a higher, melting point than that; 

d) calendering the resulting filament at a temperature approximately equal to the polymer powder 
softening temperature; 

35 e) cutting the calendered filament into granules having a length comprised within the range of from 2 

to 100 mm. 

2. Process according to claim 1 , in which the thermoplastic polymer for both the sheath and the powder is 
selected from: polyethylene; copolymers of polyethylene with vinyl acetate; polypropylene; polystyrene; 

40 styrene copolymers, such as ABS and SAN; polymethacrylates, such as poly(methyl-methacrylate); 
polyamides, such as polyamide 6 {PA-6), polyamlde 6,6 (PA-6,6). polyamide 4,6 (PA-4,6). polyamide 12 
(PA-12), polyamide 11 (PA-11), and so forth; aliphatic polyester resins, such as poly(ethylene tereph- 
thalate), poly(butylene terephthalate), poly(ethylene naphthalene dicarboxylate), and so on; aromatic 
polyester resins, such as polyarylates, thermotropic liquid-crystal polyesters, and so forth; polycar- 

45 bonates; polyether imides; polysulfones; polyether sulfones; poly(vinyl chloride); poly(vinylidene chlo- 
ride); poly(vlnyl fluoride); poly(vlnylidene fluoride); polytetrafluoroethylene; ethylene-trich- 
lorofluoroethylene copolymers; polyacetals; and so forth. 

3. Process according to claim 1 or 2, in which the ratio of matrix to fibre Is higher than 20% by volume. 

50 

4. Process according to any of the preceding claims, in which the calendering of the filament Is 
accomplished In such a way as to yield a semi-finished article having a bulk specific gravity higher than 
0.5 g/cc. 

55 5. Process according to any of the preceding claims, in which the size of the pellet is comprised within 
the range of from 2 to 15 mm. 



5 



BNSDOCID: <EP 0554950A1J_> 



ApplicatiOB Number 

EP 93 20 0257 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document mth indicationt where appropriate, 
of relevant passages 



Relevant 

to ( 



GLASSinCAnON OF THE 
APPUCAT10N gat, a.5 ) 



A 
A 



A 
A 
A 
A 



FR-A-2 085 896 (IMPERIAL CHEMICAL IND. 
LTD.) 

* page 6, line 3 - line 8; examples 1,14 * 

EP-A-0 342 080 (ATOCHEM) 

* the whole document * 

COMPOSITES 

vol. 30, no. 3, June 1990, PARIS 
pages 93 - 99 

LOTTIAU ET AL. ^Composites 
thermoplastiques k fibres longues de 
renforcement, leur emploi en injection et 
compression' 

* page 93, paragraph II * 

FR-A-2 600 585 (GALICHON) 

* the whole document * 

FR-A-2 031 719 (SOCIETE DU VERRE TEXTILE) 

* the whole document * 

EP-A-0 248 384 (AMERICAN CYANAMID COMPANY) 

* page 5, line 40 - line 49 * 

EP-A-0 322 774 (AUSIMONT S.R.L.) 

* column 3, line 16 - line 31 * 



Hie present search report has beep drawn up for all daitns 



1-5 

1-5 
1-5 



1-5 
1-5 
1-5 
1 



B29B9/14 



TECHNICAL FIELDS 
SEAKCHED Oat. CLS ) 



B29B 

B29C 



FUMOltCVdl 

THE HAGUE 



23 APRIL 1993 



Cedric USSON 



CATEGORY OF CITED DOCUMENTS 



X : paiticularly relevant if taken alooe 

Y : particularly rdevaot if combined mth another 

document of the same categoiy 
A : tacfcoological hackgrouni 
O : Qon-«ritten disdosure 
P : intcnBediaCe docoment 



T : theory or principle tindeilying th« inventioo 
E : earlier patent document, but published od» o« 

after the filing date 
D : doctimcBt dted in the application 
L : document dted for other reasons 



A : member of the same palf&t faaUy, coffrespoadtaig 



• <EP 0554950A1 I > 



